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Sunday, February 8, 2015 107anatriuretic peptide (BNP) is regarded as an early compensatory response to hy-
pertension and heart failure, although the use of a recombinant BNP agonist in
clinical trials has proved disappointing. However previous data shows that BNP
decreases cardiac sympathetic neurotransmission by attenuating activation of
neuronal calcium signaling via a cGMP-PKG pathway. Emerging evidence
suggests that phosphodiesterase 2A (PDE2A) is upregulated in heart failure.
Therefore we tested whether PDE2A was directly involved the efficiency of
BNP modulation of Ca2þ handling in cardiac sympathetic neurons from pre-
hypertensive spontaneously hypertensive rats (SHRs).
Cardiac stellate ganglia were enzymatically isolated and cultured. Neuronal
calcium current was measured using whole cell configuration of the patch-
clamp technique. [Ca2þ]i transient was measured by ratiometric fluorescence
imaging. BNP significantly reduced the magnitude of the Ca2þ transients and
calcium current in normotensive Wistar-Kyoto (WKY) rats, but not in SHR
sympathetic neurons. PDE2 inhibitor Bay60-7550 restored the capacity of
BNP to reduce [Ca2þ]i in the SHR. Overexpression of PDE2A using a viral
vector (Ad.CMV-mCherry.PDE2A) on the sympathetic neurons abrogated
the response to BNP in the WKY. This was reversed by PDE2 inhibition. Inter-
estingly, overexpression of dnPDE2A (a catalytically-dead mutant of PDE2A)
using a viral vector (Ad.CMV-mCherry.dnPDE2A) rescued the BNP inhibition
of the calcium handling from the SHR.
These data demonstrate that attenuation of [Ca2þ]i and the neuronal calcium
current by BNP is impaired in the SHR, and this may be associated with
apparent over activity of PDE2A. Our results suggest that neuronal PDE2A
may play a potential role as a pharmacological target to restore the efficacy
of BNP to decrease sympathetic neurotransmission.
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Rationale: The coupled-clock theory of cardiac pacemaker normal automaticity
integrates numerous facets of pacemaker cell Ca2þ cycling and electrophysi-
ology. Details of intrinsic RyRmolecular mechanisms that regulate spontaneous
RyR activation to generate local Ca2þ releases (LCRs) of the ‘‘Ca2þ clock’’, that
drive normal automaticity, however, have not been elucidated.
Objective: We hypothesized that spontaneous RyR activation to generate
LCRs of the ‘‘Ca2þ clock’’ will be attenuated in cells harboring mutant SR
luminal Ca2þ sensor (E4872Q).
Methods and Results: We measured the spontaneous beating rate, action po-
tential (AP) triggered RyR Ca2þ releases, characteristics of spontaneous LCRs
in single ES derived cardiocytes from wild type (WT) and the RyR mutant
(E4872Q) mouse embryonic stem cells (ES) with intact sarcolemma and in per-
meabilized cells in the absence of AP’s, and the expression of SR Ca2þ proteins
in SAN lysates. We also measured the heart rate in vivo, which was 15% lower
in mutant mice vs WT mice. Compared to WT cardiocytes, cells harboring the
RyR mutation had a reduced spontaneous AP firing rate and reduced sponta-
neous RyR Ca2þ release. Expression of RyR protein was reduced, and calse-
questrin and calreticulin were increased in mutant vs that of WT cells.
Conclusions: Numerous luminal SR Ca2þ sensing mechanisms linked to regu-
lation of spontaneous RyR activation, regulator of the spontaneous AP firing
rate of pacemaker cells. Alterations in spontaneous RyR activation in RyR
mutant cells were a mechanism for a reduction of their AP firing rate and for
reduced heart rate in mutant mice in vivo.
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Substantial variability in heart beat intervals is detected within EKG time series
analyses of numerous species (from mice to humans), and has often been linked
to variation in autonomic neural impulses to the heart. Studies in single isolated
sinoatrial nodal cells (SANC), however, indicate that mechanisms intrinsic to
pacemaker cells not only regulate the average AP beating interval (APBI), but
also determine APBI variability (APBIV). Furthermore, in permeablized
SANC,which do not generateAPs, phosphorylation of SRCa2þ cycling proteins
is one mechanism that regulates the spatiotemporal synchronization of sponta-
neous local RyR activation resulting in local Ca2þ release (LCRs) of shorter pe-
riods and reduced period variability. We tested the idea that the spatiotemporalsynchronization of spontaneous local diastolic RyR activation linked to phos-
phorylation of Ca2þ cycling proteins is a determinant of both the average
APBI and APBIV of intact SANC. Reduced SR Ca2þ cycling protein phosphor-
ylation and increased APBI of cultured adult rabbit SANC (c-SANC) were
accompanied by reduced kinetics and increased beat-to-beat variation of the
SR refilling rate with Ca2þ, as reflected in the decay time of AP induced
Ca2þ-transients; spatiotemporal de-synchronization of spontaneous, local RyR
activation, was manifested by increased average LCR period and its variability,
and by increased variability of surfacemembrane AP parameters. Increased pro-
tein phosphorylation effected by beta-AR stimulation in both c-SANC and
freshly isolated SANC, accelerated the kinetics and reduced beat-to-beat vari-
ability of SR Ca2þ refilling, increased the spatiotemporal synchronization of
LCR periods, reduced the variability of AP parameters and reduced both APBIV
and average APBI. Thus, both the spontaneous AP firing rhythm and average
firing rate of isolated SANC are linked to synchronization of random, local spon-
taneousRyRactivation,modulated bySRCa2þ cycling protein phosphorylation.
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We argue that the gating of the ryanodine receptor (RyR) channels, key molec-
ular determinants in the Ca2þ homeostasis, recognized as important novel ther-
apeutic targets, is determined by electron-conformational transformations
described by a simple electron-conformational model (ECM).
The model differs from conventional markovian models in several points, in
particular, these are the RyR energy, inter-RyR coupling, conformational dy-
namics and unconventional quantum effects.The model describes the RyR
gating under varying cis and trans [Ca2þ] with the same set of the parameters.
We present an overview of computer modeling of the stochastic RyR2 gating in
cardiomyocytes and sinoatrial node cells (SANC). The model does explain
main features of the in vitro single RyR dynamics including modal gating
and adaptation phenomena, effect of the cis[Ca2þ] and cis[Mg2þ], the temper-
ature effects. Cooperative dynamics of the RyR clusters in Ca release units
(CRU) and the Ca2þ spark features have been studied in a series of model sim-
ulations for 11x11 square RyR lattice incorporated into the cell calcium dy-
namics. The model does explain and describe the spontaneous oscillatory
regime of the CRU both in SANCs (so-called Ca2þ clock) and in cardiomyo-
cytes under Ca2þ sarcoplasmic reticulum overload. Puzzlingly, the intracellular
clock obeys the Bowditch behavior without any membrane clock assistance.
Given strong enough RyR-RyR coupling we observed novel effect of sudden
inhibition of the oscillations with emergence of stable subclusters (2x2,
2x4,.) of opened channels and a steady-state Ca2þ leakage. The CRU oscilla-
tory regime is restored by external membrane stimuli, so only working syner-
gistically two types of clocks ensure robust and flexible pacemaker function.
Despite the ECM is intentionally simplistic, it offers novel insight into the
actual physical mechanisms involved in the gating behavior of the RyR chan-
nels with a sound framework for future studies.
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Calcium-induced-calcium-release (CICR) from the sarcoplasmic reticulum
(SR) plays an integral role in excitation-contraction coupling - the drivingmech-
anism behind synchronous cardiacmuscle contractions. Alterations in CICR are
commonly found in individuals suffering from cardiac arrhythmias, and closely
associated with ventricular fibrillation, tachycardia, and sudden cardiac death.
The ryanodine receptor 2 (RyR2) is a keymediator ofCICR, functioning as a cal-
cium channel along the SR. Elucidating the role of proteins that modulate RyR2-
mediated CICR represents a major interest in cardiovascular research. We
recently discovered a novel SR-resident membrane protein named mitsugumin
56 (MG56),which belongs to themembrane-bound o-acyltransferase (MBOAT)
family of proteins. Knockout of MG56 produced a postnatal lethal phenotype.
We have observed elevated Ca spark activity in MG56 null muscle fibers
when compared with the wild type littermates. Using HEK293 cells with
108a Sunday, February 8, 2015inducible RYR2 expression, we found that over-expression ofMG56 led to sup-
pression of RyR2-mediated store-overload induced calcium release (SOICR)
from the endoplasmic reticulum (ER). The findings suggest the possibility that
MG56 functions as a stabilizer of RyR channel function. Since MBOAT family
proteins contain acyltransferase activity, we hypothesize that the putative acyl-
transferase function forMG56may be involved in the Ca regulatory function. In
preliminary studies, we found that pretreatment of muscle fibers with 2-bromo-
hexanoic acid, an inhibitor of palmitoyl acyltransferases, led to suppression of
Ca spark activity. The effect of 2- bromohexanoic acid was also observed in
HEK293 cells expressing RyR2, where SOICR activity was reduced upon treat-
ment. Future studies are required to dissect the functional interaction between
MG56 and RyR2, and to delineate the potential role for MG56-mediated lipid
modification of RyR2 in the overall Ca signaling in cardiac muscle.
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Cachexia is a wasting condition associated with cancer types and, at the same
time, is a serious and dose-limiting effect of cancer chemotherapy. Skeletal
muscle loss is the main characteristic of cachexia and the primary cause of
function impairment, fatigue and respiratory complications. Because calcium
homeostasis is a biomarker of muscle function, here we assessed whether it
is altered in cachetic muscles by using fura-2 cytofluorimetric and electrophys-
iological techniques in the rat model of cisplatin-induced cachexia. We showed
that besides a significant reduction of the muscle weight and fiber diameter, in-
dexes of an overt muscle atrophy, cachetic EDL fast-twitch fibers are charac-
terized by a significant 56% increase of resting intracellular calcium, [Ca2þ]
i, compared to control rats. Moreover the amplitude of the calcium transient
induced by caffeine and depolarizing high potassium solution was significantly
reduced in cisplatin-treated rats. Importantly, changes of some calcium-
dependent functional outcomes, such as an increase of the latency of the action
potential and a decrease of resting chloride conductance, also occurred in
cachetic EDL muscles, thus indicating that the cachexia-induced alteration of
calcium homeostasis influences muscle functionality. To gain insight into the
molecular mechanism responsible for calcium handling alteration, we are
currently investigating the expression levels of the genes related to calciumma-
chinery in cachetic muscles. Our findings provide the first direct evidence of a
calcium homeostasis dysregulation in cachexia, thus contributing to the clarifi-
cation of the mechanisms underlying the muscle wasting and to the identifica-
tion of druggable targets for the treatment of this invalidating syndrome.
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In ventricular myocytes, the physiological function of stromal interaction mole-
cule 1 (STIM1), an ER/SR Ca2þ sensor, is unknown with respect to its cellular
localization, its Ca2þ-dependent mobilization, and its action on Ca2þ signaling
regulation. This study is seeking to determine the function of STIM1 in Ca2þ
signaling in adult ventricular myocytes. Using freshly isolated adult rat ventric-
ular myocytes and those in short-term primary culture and confocal micro-
scopy, we measured real-time Ca2þ signaling and tracked the cellular
movement of STIM1 with m-cherry and immunofluorescence. We found that
endogenous STIM1 was expressed at low but measureable levels along the
Z-disk, in a pattern of puncta and linear segments consistent with the STIM1
localizing to the junctional sarcoplasmic reticulum (jSR). Depleting SR Ca2þ
using the SERCA inhibitor thapsigargin (2-10 mM) changed neither the
STIM1 distribution pattern nor its mobilization rate, evaluated with fluores-
cence recovery after photobleaching (FRAP). Consistent with this result, native
protein gel electrophoresis showed that STIM1 in heart exists mainly as a mul-
timer, which is not altered by SR Ca2þ depletion. Additionally, we found no
store-operated Ca2þ entry (SOCE) in control or STIM1 overexpressing ventric-
ular myocytes. Nevertheless, STIM1 overexpression in these cells has a surpris-
ing phenotype with increased SR Ca2þ content and with increased SR Ca2þ
leak. These changes in Ca2þ signaling in the SR appear to be due to STIM1-phospholamban (PLN) binding and thereby through indirect activation of
SERCA2a. We therefore conclude that STIM1 contributes to the regulation
of SERCA2a activity, the rate of SR Ca2þ leak and that these actions are inde-
pendent of SOCE, a process that is absent in normal heart cells.
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Calcineurin (CaN), a heterodimeric, calcium-activated phosphatase (PP2B),
dephosphorylates members of the NF-AT family of transcription factors.
This promotes nuclear localization of NF-AT, which initiates transcription of
genes controlling immune responses and regulates key steps in eukaryotic
development, especially cardiac muscle. Calcium partially activates CaN by
binding to CaNB, its intrinsic calcium-binding subunit, but maximal CaN activ-
ity requires binding of calmodulin (CaM), a ubiquitous 4-EF-Hand cousin of
CaNB. The activity of CaN changes based on intermediate occupancy of the
N- and C-domains of CaNB and CaM. To probe how CaNB controls the phos-
phatase activity of CaN, we compared CaN regulated by mutant forms of CaNB
in which one or more calcium-binding sites were ‘‘knocked out’’. The double
knockouts in each domain reduced activity to basal level. Knockouts of individ-
ual sites within each domain were not equivalent, despite their sequence simi-
larity and cooperativity in WT CaN. In comparison, in CaM, individual
mutations of the N-domain calcium-binding sites had a larger effect on enzy-
matic activity of CaN than individual mutations of the C-domain sites, although
the affinity of the isolated C-domain for the CaMBD is almost 10-fold higher
than that of the isolated N-domain. These studies were consistent with our prior
thermodynamic measurements of the affinity of the same site-knockout CaM
mutants for the canonical CaMBD sequence embedded in a YFP-CFP
biosensor. They support a model in which calcium binding to the N-domain
of CaM is a critical trigger for the transition from medium to high activity. Sup-
ported by AHA 12GRNT12050395 & NIH R01 GM57001.
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Presenilin 1 (PS1) is the catalytic component of g-secretase complex that
cleaves b-amyloid precursor protein (APP). Mutations in PS1 alter g-secretase
activity leading to increase in production of the 42-residue amyloid-b (Ab42)
plaques found in early-onset Alzheimer’s disease. Despite a few structural de-
tails known, the widely accepted topology model for PS1 N-terminal-fragment
(NTF) consists of six a-helices and a transmembrane segment, whereas PS1
C-terminal-fragment (CTF) contains a membrane-spanning helix-8 (T407-
F428), helix-7 (G384-A398), helix-b (E356-L369), and the flexible and solvent
exposed helix-9 (F441-A461). Recent findings have suggested important func-
tional properties of PS1-calsenilin (CSEN) complex including APP processing,
Ab42 generation, neuronal apoptosis, and calcium signaling. However, molec-
ular details about the binding interface between PS1-CTF and CSEN as well as
the impact of Ca2þ/Mg2þ on PS1-CSEN interactions are missing. Here we
show that CSEN binds to PS1-helix-7 in a Ca2þ dependent manner with a disso-
ciation constant of 9.8 mM for Ca2þCSEN and 9.4 mM for Ca2þ/Mg2þCSEN.
In contrast, very weak interaction was determined for the association of PS1-
helix-7 with Mg2þCSEN (Kd ¼ 84 mM) or ApoCSEN (Kd ¼ 146 mM). We
further found that the association between C-terminal domain of CSEN and
PS1-helix-7 is Ca2þ dependent with a Kd of 22 mM in the Ca2þ bound form
and no binding for the Apo-state. Interestingly, no interaction was determined
for CSEN and PS1-helix-b. We have also shown that CSEN in its dimer state
binds to PS1-helix-9 in a Ca2þ dependent manner with Kd ~ 0.8 mM for Ca2þ
and Ca2þ/Mg2þ forms. Taken together, our results suggest that the major bind-
ing site between CSEN and PS1-CTF is mediated by residues on CSEN-C-
terminal domain and PS1-helix-9 and a minor interaction is via hydrogen bonds
between CSEN-C-terminal domain and PS1-helix-7.
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Radiotherapy for head and neck cancer induces significant acute- and long-term
damage in other tissues within the treatment area, such as salivary gland.
